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<g> Ink Jet recording sheet having a blcomponeni catiotUc recording surface. 

@ An Inkjet recording sheet has a recording surface which In- 
cludes a combination of a water soluble polyvalent metal salt 
and a eatlonle polymer. The polymer has catianic groups which 
are available in the recording surface forlnsolublftzlng an anion- 
ic dye. 
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INK JET RECORDING SHEET HAVING A 
31 COMPONENT CATIONIC RECORDING SURFACE 

The present invention relates to a recording 
sheet^olXao^^ifflt use in ink jet recording. 

Ink jet recording processes have emerged as one 
of tne/most important technologies for high speed elec- 
tronic printing. Witn their emergence there has arisen a 
need fcft specialty papers naving particular recording 
properties. 

^rr,: T ^-' basic ima 9*ng tecnnique in ink jet recording 
involves the use of one or more ink jet assemblies con- 
nected to a source of ink. Each ink jet includes a small 
orifice which is electromagnetically energized by magnet* 
orestrictive, piezoelectric, thermal, or similar means to 
emit uniform droplets of ink as a continuous stream or as 
individual, droplets 6ri r demand. The droplets are directed 
onto the surface of a moving web and controlled to form 
printed characters. 

The quality of the record obtained in an inK jet 
recording process is highly dependent on jet operation and 
the properties of the ink and the recording paper. Tne 
ink must be capable of forming stable inK droplets under 
pressure^na^'must readily emerge from tne ink jet orifice. 
Aqueous inks containing a water soluble dye and a humectant 
to prevent the ink from drying out in the jet assembly 
have been found to be particularly desirable. However, 
the absorption of these inKs by the recording sheet has 
been somewhat problematic particularly in the area of 
multicolor printing where two or more ink drops may overlap 
on the surface of tne recording sheet. 

To obtain good image quality, the recording sheet 
must absorb the ink rapidly and at the same time insolubil- 
ize the ink dye on the sheet surface. The former property 
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reduces the tendency for set-off (i.e., transfer of tne 
ink from the paper to sneet handling rollers and the like) 
wnereas the latter property insures tnat images having 
hign optical density are obtained. Unfortunately, these 
two properties are in conflict witn one another. Papers 
having high absbrbency draw the intc deeply into tne paper 
and, as a result, the optical density of the image formed 
at the paper surface is reduced* They also suffer from 
feathering, poor edge acuity, and show-tnrougn. Papers 
with low absorbency, such as highly sized papers, provide 
good optical density Dy retaining the ink at the paper 
surface but have a high tendency to set-off because the 
ink vehicle is not absorbed rapidly* 

The perfect ink jet recording sheet has been 
descrioed as a olotter with a magic film. Tne blotter 
rapidly absorbs the ink vehicle while the magic film 
insures that the colorant is retained at tne surface of 
the sheet where its light absorbing and reflecting proper- 
ties are greatest. If the colorant is carried deeply into 
the paper web, its absorbing strength is reduced, web 
fibers conduct the ink laterally and poor image sharpness 
and show- through occurs. See P. A. McManus et al. , "Paper 
Requirements for Color Imaging wiyi.Ink -J^ts , M TAPPI , Vol. 
66, No. 7, July, 1983, pp. 81-5. 

Some of the efforts which have been directed to 
developing ink jet recording sheets have adjusted the 
basis weight, apparent density and filler content of the 
paper to obtain modified absorption properties (see Japan 
Kokai 74340/1977 to Jujo Paper Mfg. Co.). Other efforts 
have added certain cationic , sizing agents, such as cation- 
ized petroleum resins, to the paper in the size press to 
achieve more desirable ink absorption characteristics (see 
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setting, non-offsetting images having nigh density and 

good water fastness. 

According to one embodiment of . the .present inven- 
tion, a recording sheet is provided comprising a suostrate 
having a recording surface including a water soluDle 
polyvalent metal salt and a cationic polymer wnerein the 
polymer contains cationic groups wnich are availaole for 
ionically interacting with an anionic dye and insoluoiliz- 
ing it. The recording surface may be formed by applying 
an aqueous solution of the aforesaid salt and polymer to 
the surface of an absorbent sheet material such as paper 
or by applying a coating containing the polymer and salt 
comDination alone or in combination with a binder which 
may be water swellable and other additives to tne surface 
of a substrate such as paper or plastic film. 

The ink jet recording paper of tne present inven- 
tion provides recording properties which are not available 
when either the polyvalent metal salt or the cationic 
polymer is used alone in the recording surface. As a 
result, higher quality images which more closely simulate 
type set images are obtained. - 

One of the drawbacks of ..using, a- cationic polymer 
alone in the recording surface is that the ink must wet 
the surface before the polymer can insolubilize the dye. 
A further disadvantage is that the polymer may have a 
wetting delay and thus "tends to prevent tne ink drops from 
being rapidly absorbed by the recording sheet. As a 
result, recording surfaces containing._paly~ .ca.tionic poly- 
mers have a high tendency for. set-off . The dye remains in 
solution on the surface of the surface of the recording 
sheet long enough to be smeared by paper handling means in 
the printer. After printing, these sheets must be allowed 
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to dry oefore they can be transported fr m the printer or 
other means must be adopted to ensure that tne images are 
not smudged upon further processing. Tnis slows down and 
rest ^5ts_^h^printihg process. 

" In accordance with the present invention, a water 
soluble polyvalent metal salt is used in combination with 
the cationic polymer in the recording surface. As a 
result of the salt addition, the dye contained in tne ink 
is set (insolubilized) more rapidly and concomitantly 
there i^ubstantially- less -tendency for set-off. it is 
b»li^S*=S5Ha» salt rapidly dissolves in the ink drop 
that strikes the surface of the paper and hence the drop 
does not need to fully wet the surface before the dye can 
be insoluoilized. Thus the salt contributes rapidity of 
set to the recording surface. Tne recording sheets of the 
present invention have also been found to exhibit less 
curl.uppnrsrf^rrfg^- very often untreated recording sheets 
curl or buckle especially when neavy amounts of i nJt are 
applied over a relatively large area, and this detracts 
from the quality of the record sneets. 

When the salt is used alone on the recording 
surface, rapid set can be achieved but the water fastness 
of tne image- is not good and there is a tendency for 
feathering to occur. This is because the dye-salt complex 
does not exhibit good adherence to the recording sheet. 
The cationic polymer supplies such adherence in the present 
invention by forming a network of polymeric bridges Detween 
the substrate and the dye which tends to improve water 
fastness and reduce feathering. Thus, by using the salt 
and polymer together with a judicious choice of substrates, 
a recording sheet which more closely imitates a "blotter 
with a magic film" is obtained and images of improved 
density, water fastness and sharpness are achieved. 
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A further advantage of combining a water soluble 
salt and cationic polymer in tne recording surface is that 
the combination enables the paper manufacturer to adjust 
the recording properties of a paper for a particular 
recording ink so as to optimize image quality. In partic- 
ular, some commercially availaole recording inks contain 
dyes which are more difficult to insolubilize than others. 
In some cases the dyes cannot be rapidly insolubilized 
using one combination of salt and cationic polymer; but Dy 
using anotner combination r for example, a combination 
containing a higher valency salt, these dyes can be effec- 
tively insolubilized. Tnus, the combination of salt and 
polymer gives the paper manufacturer a means for fine 
tuning the recording properties of his product to improve 
record quality. 

In accordance with the more preferred embodiments 
of the present invention, the cationic polymer is a poly- 
meric cationic amine such as a quar ternary - amine or an 
easily protonated tertiary amine having a nitrogen content 
in excess of 3.0%, and the polyvalent metal salt is a salt 
of cation selected from the group consisting of Ba 2+ , 
Ca2+, Al 3+ , Zr 4+ , and Zn 2+ and an anion of an acid 
having a pKa value greater than 2.0. 



Detailed Description of the Invention 
The cationic polymers used in the present inven- 
tion are characterized in that in the recording surface 
they contain cationic groups which are available for dye 
insolubilization. These cationic groups carry counter 
ions that will exchange with an anion^xa^e^nd cause the 
dye to precipitate from the ink solution. 
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The cationic polymers used in the present inven- 
tion are generally characterized by a higher degree of 
cationic functionality than is found in the polymers whicn 
are conventionally used as sizing agents in the paper 
induscry^-The^cationic functionality in a sizing agent is 
approximately equivalent to or less than the amount of 
anionic functionality in paper and is used to bind tne 
sizing agent to the paper to impart a degree of hydrophobic 
nature to it. As such, in paper a conventional sizing 
agent does not have cationic groups available for dye 
insolubJULirzatrion i r 

Certain cationic polymers used as retention aids 
in tne paper industry have higher cationic character and 
can be used in tne recording surface of tne present inven- 
tion if they are added' to the paper after sheet formation. 
However, when the same polymers are used conventionally as 
r eten J^P^iA s ^ they are added at the wet end of the 
papermaking process and they pick up counter ions which 
will not exchange for the anionic dye. Hence, in conven- 
tional papers in which these polymers are used as retention 
aids, the polymers do not contain cationic groups which 
are available for dye insolubilization. 

„_ accor dance with tne p re f e rred embodiments of 

the gfesnSFnT-IHvention the cationic polymers are polymeric 
amines such as polymers of quaternary amines or amines 
which are converted to quaternary amines under acid condi- 
tions. The cationic character of these polymers can be 
expressed as a nitrogen concentration since the nitrogen 
present. in the polymers generally is in the form of 
cationic quaternary ammonium groups. Thus, the polymeric 
cationic amines used in the present invention can be 
further characterized as having a nitrogen content in 
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excess of about 0.1% r preferably in excess of 1.5% and 
still more preferably in excess of 3.0% oy weight. 

Many of the cationic polymers used in the present 
invention are commercially available materials wnose exact 
composition is not known to the applicants, it can gen- 
erally be said, however, tnat polymers in which at least 
about 3 moll of the monomer ic units forming the polymer 
are derived from cationic monomers will nave cationic 
groups available for dye insolubilization when they are 
used in the recording surface of the present invention. 
Polymers in which at least about 10 mol% and up to 100% 
mol of the monomeric units are cationic are preferred. 

A screening test can also be used to determine 
cationic polymers whicn are useful in tne present inven- 
tion. This test is based on the ability of a solution 
containing a predetermined concen^ation;jQf_^he polymer to 
flocculate a 3% solution of Direct Black 19 dye. in 
accordance with this test a solution containing 1 g of 
cationic polymer and 20 g deionized water is prepared and 
one drop of an aqueuous solution prepared by dissolving 
3.0 g Direct Black 19 in 97.0 g deionized water is added 
thereto. Those polymers which f locculate, thg^dye sucn 
that upon filtering the test solution a " clear aqueous 
solution containing. essentially no dissolved dye is 
obtained are useful in the present invention. Polymers 
which flocculate the dye more rapidly than others and from 
which the dye has tne least tendency to redissolve are 
preferred. 

. A useful class, of cationic 7 polymer s^are so-called 
electrocbnductive polymers which are conventionally used 
in electrophotographic, electrographic or electrosta to- 
graphic processes. Examples of such polymers are described 
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in m^^nteni^ 3,011,918? 3,544,318? 4,148,639? 4,171,417? 
4,316,943; and 3,813,264. Tnese polymers are characterized 
by tne presence of a high percentage of cationic groups 
such as tertiary amino and quaternary ammonium cationic 
groups. Representative polymers are homopolymers or 
copolymers of cationic monomers such as quaternary diallyl- 
diak.ylacam^ni-ui^ chlorides such as diallyldimethylammonium 
cnloride, N-alkylammonium chlorides, methacrylamidopropyl- 
trimethylaiomoniura chloride, methacryloxyetnyl trimethyl- 
ammonium chloride, 2-hydroxy-3-methacryloxypropyl tri- 
methyl ammonium chloride, methacryloxyethyl trimethyl- 
ammonium methosulfate, vinylbenzyl tr ime thy 1 ammonium 
chlor : i^ie--and^quaternized 4-vinylpyr idine . 

Representative examples of commercially available 
cationic polymers that are useful in the present invention 
are Warcofix 808 (a guanidine-f ormaldehyde polymer avail- 
able from Sun Chemical Corp.)* Calgon 261 LV and Calgon 
7091 R.V. (polydimethydiallylammonium chlorides available 
f rojnjZe^on^or^ B674 (a cationic polyamine 

available from Nalco Corp.), and CAT Ploc C (a cationic 
homopolymer available from Calgon Corp.). 

Both water soluble cationic polymers and cationic 
latices may be used in the present invention. Water 
soluble polymers (i.e., polymers soluble in water in an 
amount greater than 20 g/lOOml at 23°C) can be applied as 
an'^S^SSou^^Sfution and are preferred for use in tne 
present invention" because they can be uniformly applied to 
the surfaces of paper fibers without clocking the porous 
network of the paper sheet and interfering with ink absorp- 
tion. Tne use of cationic latices is preferably restricted 
to tnose embodiments in wnich the recording surface is 
formed by overcoating the surface of a paper or plastic 
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substrate with a c ating composition* Tne cationic poly- 
mers present in latices are water insoluble pigments or 
beads which can suostantially reduce tne aosorbancy of tne 
paper substrate when they are applied in a coat weignt 
whicn is high enougn to insure that any drop of ink imping 
ing the surface of the paper will strike a latex bead. 
When tnese latices are used in lower amounts, ink drops 
may strike the recording sheet between the polymeric oeads 
and not be properly absorbed. Latices are also disadvan- 
tageous because they can be destaoilized by the addition 
of salts. 

The polyvalent metal salts used in tne present 
invention are water soluble salts of polyvalent cations 
from Group II, Group III or the Transition: Metals of the 
Periodic Table of Elements. Typically, these salts can be 
dissolved in water in an amount greater than 5 g/ 10 Oral at 
23°C. The most readily available and cost effective salts 

are Zn 2+ , Al 3+ , Mg 2+ , Ca 2+ , 2r 4+ and Ba 2+ salts. Salts 

2+ 3+ 2+ 

which tend to color the paper such as Fe , Fe , and Cu 

while functional , must be used in limited_a^o\ints or not 

at all. Preferably, the salts are salts of one of the 

aforesaid polyvalent cations and an anion of a weak acid 

such as an anion of an acid having a pRa value greater 

than 2.0 and, more preferably, greater than 3*0. Salts of 

strong acid anions such as alum are capable of insolubiliz 

ing an ink jet dye but are generally undesirable because 

they impart high acidity to the paper which accelerates 

degradation* Thus, while chlorides, sulfates, chlorates, 

and nitjeates are useful, the preferred salts are acetates, 

formates, chlorohydrates, roalonates, succinates, and salts 

of other weak organic acids. 
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Specific examples of salts usefal in the present 
invention are alam, calcium formate, and aluminum chloro- 
nydrate. Certain zirconium salts are also believed to be 
useful sucn as zirconium oxychloride and zirconium hydroxy- 
chlor ide-? i—^Z w ^ 7 

The salt is preferaoly used in an amount of aoout 
10 to l r 000 pares and, more preferably, 25 to 200 parts 
and still more preferably 75 to 125 parts by weight per 
100 parts by weight cationic polymer* The salt and polymer 
can be applied to the substrate in any amount which effec- 
tively insolubiXizes "the dye. Typically this amount 
ranges from approximately 0.1 to 15 g/m 2 (dry weight) 
per side* 

The recording sheet of this invention may be 
formed from a paper, synthetic paper, or plastic film 
substrate. Tne recording surface may be applied by either 
spraying or_ immersing those substrates which are porous 
witn ari Aqueous solution of the cationic components, or by 
preparing a coating composition and forming a coated paper 
product or transparency. One embodiment of the present 
invention is low size or bond paper having the cationic 
polymer or salt absorbed on one or both faces. A second 
embodiment of the present invention is a paper coated with 
a conrpOsXtlon^^including a water swellable or water pene- 
trable coating such' as gelatin-baryta coating wnich 
includes a cationic polymer and salt. Scill another 
embodiment of the invention is a plastic filia which carries 
a coating containing a cationic polymer and salt and 
optionally a water penetrable binder. 

.There is generally no restriction on the types of 
paper that may be used in the present invention. For most 
applications, papers having a basis weight in the range of 
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12 to 30 pounds per 1300 sq. ft., apparent density in the 
range of 0.3 to 1.2 and filler content of 0 to 40% are use- 
ful. Waterleaf, low size (Bristow Ka « 77 ml/M 2 .sec 1/2 ) , 
high size (Bristow Ka = 3 ml/M 2# sec 1/2 ) , and bond paper are 
useful. Waterleaf and low size bond paper are preferred 
for many applications. Tne papers used in the present 
invention can be formed from substantially any commercially 
available pulp, but pulps wnich give papers having very 
uniform absorption characteristics are preferred. 

Recording paper is most conveniently and econom- 
ically prepared by applying an aqueous solution of the 
cationic polymer and salt to one or both surfaces of a 
paper in the papermaking process after sheet formation — 
tnat is after the sheet is capable of sustaining its own 
weight, it is particularly convenient to add the salt and 
polymer to the sheet in the size press but it can be added 
anytime after the paper has been dewatered or left tne 
wire, including after the papermaking process has been 
essentially completed. Tne salt and polymer cannot be 
added to the paper at the wet end of the papermaking 
process because the polymer will act as a retention aid 
and its cationic groups will react with, fines and fiber in 
the pulp furnish and thereafter be unable to insolubilize 
dye. Solutions which are preferred for use in a size 
press contain about 1 to 30% resin and about 1 to 30% salt 
by weight. 

Coated paper products can be prepared by incor- 
porating a water soluble polyvalent .^X4ir»ait and a 
cationic polymer or latex into a conventional paper coating 
composition and applying the coating to tne paper substrate 
using conventional coating techniques. Such conventional 
coatings typically include a white pigment such as clay 
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( e '9« #^,^^o^tje>y. dia tomaceous earth, baryta, and/or 
calcium carbonate; and a binder such as gelatin, ether ified 
starch, or polyvinyl alcohol. U.S. Patent No. 4,425,405 
to Murakami et al. describes a coating composition con- 
taining a white filler and polyvinylpyrrolidone. Anotner 
example of a coated ink jet paper is a paper coated with a 
mixture og^^MSPScopic polymer, a cationic resin and 
salt. Hygroscopic polymers useful in the present invention 
are described in Japanese Kokai 57-173,194 and include 
such polymers as methacrylic acid starch copolymer. 
Preferably the salt and the cationic polymer are addea to 
these compositions in an amount of about 0.1 to 30 parts 
per 100 parts composition. . 

--■a.. -in-a^£urther embodiment of the invention, a 
coated paper product" can be formed by applying an aqueous 
solution of the salt and polymer to one or both faces of a 
paper sheet as described above (e.g., at the size press) 
and overcoating the sheet with a water based binder/wnite 
filler coating composition. Upon application of tne 
latter 'CSatXng y t&e polymer and salt migrate from the 
paper sheet into the coating where they impart their 
desirable ink jet recording characteristics. 

Synthetic pulp papers include papers made up of 
synthetic pulp and wood pulp and those made up of synthetic 
pulp alone. Typical synthetic pulps are homopolymers and 
copolymers -of vinyl monomers such as ethylene, propylene, 
styrene, vinyl acetate, acrylic esters, polyamides, and 
polyesters. Polyethylene synthetic pulps are preferred. 
In using wholly synthetic papers, it is desirable to treat 
the paper to enhance the adherence of the polymer and salt 
such as by subjecting the paper to corona discharge or by 
adding of a water swellable film forming binder or coupling 
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agent to the recording surface composition to bind the 
surface to the substrate* 

In accordance with one embodiment of the present 
invention, the ink jet recording sheet is formed on a 
transparent plastic substrate. The selection of the 
substrate is not particularly critical, although thermo- 
plastic films are generally used for this purpose. Repre- 
sentative examples of useful thermoplastic films include 
polyethylene terephthalate, polystyrene, polyvinyl cnlor- 
ide, polymethylmethacrylate, polyethylene, and cellulose 
acetate. 

The recording surface of the present invention 
can be applied to synthetic paper or plastic films using 
conventional coating techniques. In this case, it may be 
desirable to include a binder wnicn may be water swellaole 
in the coating composition. Representative water swellaole 
binders are ether if led starch, gelatin, goly vinyl alcohol, 
poly (hydroxyetnyl acrylates) , poly (hydroxyethyl methacryl- 
ates) , carboxyethylcellulose, carboxymethylcellulose, 
hydr oxye tnylcellulose , hydr oxypr opylcellulose , polyacryl- 
ates, polymethacrylates, poly(vinyl pyrrolidone) , poly- 
ethylene oxide) , etc. Usually the binder is used in an 
amount of about 1 to 2000 parts by weight per 100 parts by 
weight of the cationic polymer and. salt* - It is also 
envisioned that the ability of coatings for synthetic 
films and papers to absorb liquid can be enhanced by 
adding a small amount of a pigment to the coating. In the 
case of transparencies, the amount of pigment must be low 
enough not to substantially opacify the support. 

The ink jet recording sheet jfc£j;.fcfce~present inven- 
tion operates by ionically bonding the water soluble 
cationic dye to a surface of the substrate. Water soluble 
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acid dyes and direct dyes are useful in the present inven- 
tion. Such dyes are well known to those skilled in the 
art and commercially available. Representative examples 
of useful dyes include acid dyes such as Tartrazine (CI 
19140t r r :: ^ Yellow (CI 47005) , Eosin (CI 45380) , 

Erytnrosine (CI 45*30) , Brilliant Cyanine 6B (CI 42660) , 
Acid Black 1 (CI 20470), Acid Black 36 (CI 27275) and Acid 
Blue Black 10B (CI 20470), Acid Blue 193 (CI 15707), Acid 
Blue 194 (CI 17941) , Acid Blue 249 (CI 74220) j and direct 
dyes such as Direct Black 19, Direct BlacK 49, Direct 
BlackcrSftl^^ 74, Direct Black 103, Direct Black 

GW, Capamine Black- ESA, Deep Black XA (CI Direct Black 
154), Black G (CI 35255), Phthalocyanine Blue (CI 74180), 
Direct Blue 78, Direct Blue 239, Direct Blue 120, Direct 
Blue 110, Direct Blue 19, Direct Scarlet 4BS (CI 29160). 
The CI number in the description above indicates the 

ide . 1 2^£^5^^^^ UI ^® r in tne Color Index, 3rd Edition, the 
Society of Dyers and colorists, Bradford, Yorkshire (1971). 

The aqueous ink jet printing inks used in con- 
junction with the present invention may be formulated in a 
conventional manner witn various additives sucn as 
humectants, solubilizing agents, surface active agents, 
andjthe like. ^ T 

The ink composition will affect the recording 
properties achieved using the recording sheets of tne 
present invention. As previously indicated, certain dyes 
are more difficult to insolubilize than others. In some 
cases it may be desirable to use a trivalent salt instead 
of a calcium salt, for example, to enhance insolubiliza- 
tion; -To enhance water absorbancy it may be desiraole to 
incorporate high absorbancy pigments in tne recording 
surface or in the base paper. Examples of such pigments 
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are calcium car Donate, clays, aluminum silicates, urea- 
formaldehyde fillers, and the like. These pigments may De 
added to a solution of the salt and polymer in the size 
press or incorporated into a coating composition. 

By including cationic or non-ionic surfactants in 
the recording surface, the speed with wnicn the in* wets 
the surface can be increased and thereby rapidity of set 
and absorption enhanced. 

The present invention is explained in more detail 
by reference to the following examples. Unless otherwise 
indicated, all parts, percentages and amounts are by 
weight. Commercial products were used in jthe form as 
received from the manufacturer. 

The test procedures described below were used to 
compare and evaluate the test sheets described in the 
Examples. 

Spray Tester ; A spray tester was used to apply 

uniform amounts of ink to the test sheefc&« ^^fce tester 

employs an automatic air atomizing nozzle^ (Model 1/8 JJAU 
J-14, E.J. Pfaff Co.) which is connected to a pressurized 
ink source by 0.25 inch plexiglass tubing and adjustably 
mounted above a double pinch belt system which functions 
as a paper transport, and moves the test sheets. The 
sheets are moved along the transport as ink is applied by 
electrically and pneumatically controliiTig^the air atomiz- 
ing nozzle. By adjusting transport speed, atomizing air 
pressure, liquid pressure, and the height of the spray 
nozzle above the paper, ink application rates can be 
varied from 3 to 30 g/m 2 . Unless otherwise indicated, 
the tester is operated by running the belt system at 8 
inches/sec, setting the liquid pr^saur^^^ " ps ig and the 
air pressure at 30 psig such that 12 g/m 2 of ink is 
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applied to the test sheets and the area covered by the ink 
is about 2-1/2 * 5-1/2 inches. 

Offset ; Offset measures the tendency of the inK 
to set off as the paper is handled during the recording 
-pfSSWsrafia I "is expressed in terms of the amount of time 
(seconds) until no offset is observed. Offset is measured 
by placing a rubber offset wheel 1 inch wide and 1 inch in 
diameter in the paper patn downstream of the atomizing 
nozzle and applying 1 pound pressure to the wheel. The 
paper passes under the wheel as it travels along the paper 
pafclrr^rf^the ink offsets r the offset wheel leaves a track 
across the sheet. By adjusting the position of the wheel 
in the paper path and stopping the paper for a predeter- 
mined time if necessary, the time to no offset can be 
determined. Generally, a short time to no offset is 
preferred. 

_ ^" ~Optlcai Density ; The Spray Tester is used to 

apply a 12 g/m^ layer of ink on the wire or felt side of 
a sheet of paper. The sprayed image is allowed to dry and 

; the image intensity (optical density) is measured by 
randomly taking ten readings in the inked area using a 
MacBeth 512 densitometer. The readings are averaged and 
the resulting number recorded as the image intensity for 

"tnat side of the test sheet. 

Feathering ; A fountain pen equipped with an 
Esterbrook 2668 tip is attached to a Bristow tester at an 
angle of 55° to the tangent of the Bristow wheel at a 
point 4 inches (clockwise) from where the Bristow headbox 
normally touches the paper. The headbox assembly is not 
used for this test. The pen is allowed to float on the 
paper surf ace; thus, the weight of pen, 10.2 grams, 
regulates its contact pressure with the paper. A 1 x 11 
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inch grain 1 ng paper specimen is attached to the Bristow 
tester wheel and the linear speed adjusted to 0.606 cm/sec. 
As the paper passes under the pen r a line is drawn the 
length of the specimen. A representative 2 incn lengtn of 
lined paper is selected and mounted on a 1 x 3 inch glass 
microscope slide. A Quantimet Image Analyzer is used to 
measure the actual perimeter of the trace line made by the 
fountain pen. A 10 nun or greater trace length is examined 
and the percent increase in the perimeter of the trace 
line is determined. 

Show Through : Show through is a measure of the 
amount of ink penetration through a printed sheet of 
paper. It is evaluated by reading, the back side of a 
12 g/m printed sheet with a MacBeth 512 densitometer . 

Water f astness : A test sheet is sprayed with 
12 g/m 2 of ink using the spray tester. The sprayed 
specimen is cut in half. One half is put aside for optical 
density measurements and the other half is placed into a 
cup of deionized water. The time interval between ink 
application and placement into the water i§JL4DAfiute . 
After the inked sample has. soak^a ,for 1 mihuteT""it is 
dipped up and down in the water to assure that all the 
dissolved ink is removed. The specimen is removed and 
allowed to drip dry. After drying , the image densities of 
the soaked half and the unsoaked naif of the test sheets 
are read using the MacBeth 512 densitometer. Tne differ- 
ence between these densitometer readings is Hie^iied water- 
fastness and is recorded as the loss in optical density 
resulting from 1 minute soaking. 

Curl Testing : a test was developed using the 
Bristow tester to measure the extent to which a test sheet 
curls when wetted and allowed to dry. A test sheet is 
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allowed to humidify in room with 50% relative humidity. 
Tnen a^sheet, is cut into machine direction strips wmch 
are : "51 " mm wide and 280 mm long. Each strip is taped to 
the wneel on a Bristow te3ter, with the inside edge of the 
wneel 2 mm from the edge of the neadbox. With 40 ui of 
ink in the headbox, the Bristow tester is set to a speed 
which applies approximately 10 g/m 2 ink to the strip. 
As soon as the ink is applied, the strip is removed from 
^e^t^e^'alid' cut crosswise into 29 mm sections, so that 
each test piece" measures 51 x 29 mm. The ink trace is 2 
mm from one edge and 31 mm from the other. Tne test 
pieces (5 pieces for each trace) are allowed to freely 
curl as they dry. After approximately 30 minutes, curl is 
measured by placing a weight on the 2 mm edge of eacn test 
piefce^andCfcteasuring the height of tne other edge above the 
first by measuring both corners and taking the average. 
The maximum height possible is 42 mm. Tne five averaged 
readings from the curled pieces of paper are averaged to 
get the final curl heignt. These measurements of height 
are converted to curvature and expressed in units of 

Example 1 

Mo is trite X-02 xerographic and offset paper (a 
product of The Mead Corporation) was treated in a size 
press with a solution prepared by dissolving 1000 parts 
Nalco 8674 resin (a product of Nalco Corp.) and 1000 parts 
alum in 2500 parts by weight deionized water. Tne solution 
was applied to both sides of the paper in a total amount 
of 8.6 g/m 2 on an oven dry basis. Tne recording proper- 
ties of the test sheet were evaluated as outlined above. 
In Table 1 below the recording properties of the test 
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sheet are compared witn tn se of an untreated, sneet of the 
same nature . The designations (W) and (F) refer to the 
wire side and the felt side, respectively, of the test 
sheet. The results in Table 1 show tnat eacn of optical 
density, water fastness, offsetting, feathering and curl 
are improved using the recording surface of the present 

invention. - -v.:- 

TABLE 1 



Optical Density 

Water Fastness 
(loss in O.D. from 
1 rain, soak) 

Offsetting 
(seconds to no ink 
set-off) 

Feathering 
(% increase in 
perimeter of trace 
line) 

Curl (m-1) 



Untreated 
W F 



1.14 1.10 



,59 



213 
67 



Treated 



W 



.42 
10 

182 ~ — 
53 



1.26 1.16 



04 0 



119 55 
8 1 



Example 2 

Both sides of a base sheet of waterleaf were 
treated in a laboratory size press with a solution prepared 
by dissolving 200 parts Nalco 8674 resin and~10(T*parts 
calcium formate in 500 parts deionized water and dried. 
The recording properties of the treated sheet and an 
otherwise identical untreated sheet are shown in Table 2. 
These results show that very absorbent base sneers, sucn 
as waterleaf, which would otherwise provide very poor 
image density, show- through, and high feathering can be 
used effectively in the present invention. 
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TABLE 2 

Untreated Treated 
Optical density 1.06 1-29 

Show through density 0.28 0.15 

Water fastness (loss in O.D. 

from 1 min. soaking) 0*36 0 

Feathering (% increase of 

perimeter of T trace line) 310 62 

Example 3 



Both sides of sheets of unsized oond paper were 
treated in a laboratory size press with aqueous solutions 
prepared by dissolving calcium formate and CAT FLOC C (a 
product of Calgon Corp.) in deionized water in the amounts 
shei^^n-^tJle 3 and the recording properties of the 
sheets were compared. The results are shown in Table 3 
wherein it can be seen that test sheets treated with a 
combination of salt and cationic resin provide high optical 
density , reduced feathering, good water fastness and low 
curl. By comparison, the use of the cationic resin alone 
provides^ a recording sheet having good water f astness, 
reduced feathering and curl but relatively poor optical 
density. Test sheets treated with the salt alone exhibit 
reduced water fastness and high feathering. 
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Example 4 

. ..— Both sides of unsized sheets of bond paper were 

treated in a laboratory size press with the solutions 
shown in Table 4 below and their recording properties 
compared. The sheets prepared using tne salt alone on the 
recording surface provide diminisned water fastness and 
poor feathering. Optical density is also unsatisfactory 
at th^lower salt 'concentration. The use of the resin 
alfSfii^*f exults in a recording sheet which exhibits high 
offset and relatively poor optical density. The combined 
use of the resin and salt in accordance with the invention 
provides excellent image intensity and water fastness and 
satisfactory offsetting. Curl is also reduced to lower 
levels than achieved using either the salt or resin alone. 
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Example 5 

A transparent recording sheet was prepared by 
washing a sheet of polyethylene terephtalate transparency 
with alcohol and suojecting it to corona discnarge. The 
shee,t^was^then coated with a coating composition consisting- 
of 20 parts Nalco 8674 electroconductive resin, 20 parts 
calcium formate, and 20 parts tfitco 216 resin (tfitco 
Chemical Co.) and the balance water. The sneet was dried 
and sprayed witn ink jet ink as described above. Whereas 
the in* beads up as it dries on the uncreated sneet, it 
does^not^toxi^the tfce^ted sheet. 

Example 6 

A coated paper in accordance with the present 
invention was prepared by coating one side of an internally 
sized bond paper raw stock with a coating composition 
prepared by adding 7 parts by weignt Warcof ix 808 cationic 
polymer — fiTproduct of Sun Chemical Corp.) and 3 parts 
aluminum chlorohydrate to 100 parts of a composition 
containing 20 parts gelatin and 80 parts baryta. The 
composition was used to prepare an aqueous slurry contain- 
ing 20% solids which was coated on the raw stock in coat 
weight of 8.2 g/m 2 . For comparison, a coated paper was 
prepared using a coating composition containing 20 parts 
gelatin and 80 parts baryta but no cationic polymer or 
alumninum chlorohydrate. This composition was applied as 
an aqueous slurry containing 20% solids in a dry coat 
weight of 7.9 g/m 2 . Each paper was sprayed with an 
aqueous .black direct dye ink jet ink in an amount of 12 
g/m 2 . The recording characteristics of the two sheets 
are shown in Table 5 below. 
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Water fastness 
0 
• 08 

The results in Table 5 show that gelatin-baryca coatings 
provide good ink jet recording density. Tne cationic 
polymer and salt do not detract from this recording pro- 
perty and significantly improve waterf astness. 

Example 7 

Coated recording sheets were prepared in accor- 
dance with the present invention oy applying to one side 
of an internally sized bond raw stock a coating composition 
prepared by adding 15 parts Warcofix 808 and 5 parts 
aluminum chlorohydrate to 100 parts of a composition 
containing 10 parts polyvinyl alcohol (Elvanol 71-30, a 
product of DuPont) and 90 parts bar ytat. ; * The coating was 
applied as an aqueous slurry containing 20% solids in a 
dry coat weight of 11.7 g/m 2 . For comparison, the same 
composition exclusive of the Warcofix 808 and aluminum 
chlorohydrate was applied to the raw stock in a coat 
weight of 8.5 g/m 2 . The recording properties of the two 
sheets are shown in Table 6. : v. 

Table 6 

Coat Wt. Optical Density Waterf astness 

Invention 11.7 g/m2 1.24 0 

Comparison 8.5 g/m2 1.12 ~ 0.62 

Tne results in Table 6 show that in PVA-oaryta coatings, 
the cationic polymer and salt improve both optical density 



Taole 5 

Coat Wt. Optical Density 

Invention 8.2 g/m2 1.27 
Comparison 7.9 g/m 2 1.27 
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and waterf astness. Comparison with the results in Taole 5 
indicates that the cationic polymer and salt can De used 
to improve the recording properties of a less expensive 
coating such as,PVA-baryta to a level approaching the 
X,6SS£ ^ Li S 9 ^^^ B r t i e s of a more expensive gelatin-oaryta 
paper • 

Having described tne invention in detail and oy 
reference to specific embodiments thereof, it will be 
apparent that numerous modifications and variations are 
possiDle without departing from the spirit and scope of 
thQ^Jjwentioa; defined by the following claims. 
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CLAIMS 

1- A recording sneet useful in ink. jet: recording 

comprising a substrate having a recording surface contain- 
ing a cationic polymer and a water soluble polyvalent 
metal salt, said polymer providing said surface with 
cationic groups for ionically interacting with an anionic 
dye and insolubilizing it. 

2. The recording sheet of claim 1 wherein said 
cationic polymer is water soluble. 

3. Tne recording sheet of claim 2 wherein said 
polymer is a cationic poly amine. 

4. The recording sheet of claim 3 wherein : said 
poiyamine has a nitrogen content in excess of 1.5% by 
weight. 

5. Tne recording sheet of claim 2 wnerein at least 
10 mol % of the polymeric units forming said cationic 
polymer are derived from cationic monomers-- — -ri^w 

6* The recording sheet of claim 3 wherein said poly- 

valent metal salt is a salt of a cation selected from the 
group consisting of Ca 2+ , Ba 2+ , Zn 2+ , Zr 4+ , aJ + , and Mg 2+ . 

7. The recording sheet of claim 6 wberein^aid salt 

is a salt of an acid having, a pK^ greater than 2.0. 

The recording sheet of claim 6 wherein said salt 
is a salt of an acid having a pka greater than 3.0. 
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9. The recording sheet of claim 1 wherein said salt 

is present in said surface in an amount of approximately 
25 to 200 parts by weight per 100 parts by weignt of said 
cationic polymer, 

rffr 7 " ~Th e * recording sheet of claim 1 wherein said salt 
and said cationic polymer are present in said |urface in a 
Combined amount of approximately 0.1 to 15 g/m . 

11. Tne recording sheet of claim 1 wherein said 
substrate is selected from the group consisting of paper, 
syRQStS^^ETer, and plastic film. 

12. The recording sheet of claim 1 wherein said 
substrate is paper. 

13. The recording sheet of claim 12 wherein said 
Xjeo$Ed$H|p«ttfrface is formed by contacting a formed sheet 
of paper with an aqueous solution of said salt and said 
polymer . 

14. The recording sheet of claim 12 wherein said 
recording surface comprises a coating which overlies the 
suiXace^of :r6aid paper. 

15. Tne recording sheet of claim 14 wherein said 
coating additionally includes a water penetratable or 
water swellable binder • 

16. The recording sheet of claim 15 wherein said 
coating additionally includes a white filler. 
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17. The recording sheet of claim 13 wherein said 

solution is applied to said paper in a size press. 

16. The recording sheet of claim 1 wnerein said 

surface additionally includes a surfactant which enhances 
the wetting of said surface by an aqueous inn. 

19. The recording sheet of claim 1 wherein said 
surface additionally includes a hign absorbancy pigment. 

20. The recording sheet of claim 12 wherein said 
substrate is low size paper. 

21. Tne recording sheet of claim 8 wherein said salt 
is an acetate, a formate , a chlorohydrate# a.joalonate or a 
succinate. 

22. The recording sheet of claim 1 wherein said salt 
is a zirconium salt. 

23. In a method for ink jet recording .whi^^compr ises 
jetting a stream of in* droplets opto the surface of a 
substrate , the improvement whicn comprises said substrate 
having on at least one of the major surfaces tnereof a 
recording surface including a water soluble polyvalent 
metal salt and a cationic polymer, said polymer providing 
said surface with cationic groups for ionicalJLy interacting 
with an anionic dye and insolubilizmg it; " 

24. The method of claim 23 wherein said cationic 
polymer is water soluble. 
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2 S^r^T^^fi^ method of claim 24 wherein said cationic 
polymer is a cationic polyamine, 

26, The method of claim 25 wherein said polyvalent 

metal salt is a salt of a cation selected from the group 
consisting of Ca 2 VBa 2+ , Zn 2+ , Al 3 \ Zr 4+ , and Mg 2+ . 

2lT~~^ The method of claim 26 wnerein said salt is a 
salt of an acid having a pKa greater than 2.(K 

28 • The method of claim 27 wherein said salt is an 

acetate, a formate, a cnloronydrate r a malonate or a 
succinate. 
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